Proposed experiment with Rydberg atoms to test the wave function
  interpretation by Gondran, M. et al.
ar
X
iv
:q
ua
nt
-p
h/
07
01
10
0v
1 
 1
5 
Ja
n 
20
07
Proposed experiment with Rydberg atoms to test the wave
funtion interpretation
Mihel Gondran
EDF, Researh and Development, 92140 Clamart, Frane
∗
Mirjana Bozˇi and Dusˇan Arsenovic´
Institut of Physis, P.O. Box 57, 11001 Belgrade,
Serbia and Montenegro, Yugoslavia
†
Alexandre Gondran
SET, Université Tehnologique de Belfort Montbéliard, Frane
‡
Abstrat
Experiment
1
shows that Rydberg atoms do not pass through 1µ m width slits if their prinipal
quantum number is rather large(n ≥ 60). Thus, the partile density measured after the slits is null
while the wave funtion alulated after the slits is not. This experiment is in ontradition with
the Born interpretation (the square of the wave funtion is proportional to the probability density
for the partile to be found at eah point in spae). The lassial interpretation of this experiment,
whih removes the ontradition, is to suppose that if the partiles do not pass, the wave funtion
does not pass either (lassial assumption).
An alternative interpretation of this experiment is to suppose that the wave funtion passes
through the slits, but that the Born interpretation is not valid any more in this ase (alternative
assumption).
The aim of this paper is to present an experiment testing this alternative assumption ompared
to the lassial assumption.
1
I. INTRODUCTION
One of the fundamental postulates of quantum mehanis is the Born interpretation,
where the square of the module of the wave funtion is equal to the partile density. However,
for a long time, there were no experiments that ould separate the partile from its wave
funtion; the wave funtion aounts for the mass, the wavelength, the spin and the partile
eletri harge. On the other hand, the wave funtion does not aount for the partile
size. However, a quite old experiment of Harohe's team
1
aounts expliitly for Rydberg
atoms size. It is an experiment where one measures "the transmission of a beam of Rydberg
atoms through a metalli grating made of an array of mirometre size slits. The transmission
dereases linearly with the square of the prinipal quantum number n, with a ut-o for a
maximum n value". This experiment inspired reently Dahl et al.
2
to study theoretially
the sattering of a rotor from a slit in the limit when the length of the rotor is larger than
the size of the slit.
Thus, as soon as n is rather large (n ≥ 60 in this experiment for 1µm width slits), the
partile density measured after the slits is null while the wave funtion alulated after the
slits is not. This is in ontradition to the Born interpretation.
The usual interpretation of this experiment, whih removes the ontradition, is to sup-
pose that if the partiles do not pass, the wave funtion does not pass either (lassial
assumption). This interpretation, whih seems obvious for the majority of the quantum
mehanis ommunity, was however never tested in experiments; the presene of the wave
funtion being measured only via the impat of partiles.
Although not very probable, one annot thus eliminate logially alternative interpretation
of this experiment whih supposes that the wave funtion passes through the slits but not
the partiles (alternative assumption). In this ase, the Born interpretation is not valid.
The aim of this paper is to present an experiment testing this alternative assumption
ompared to the lassial assumption.
The idea of this experiment is initially based on the fat that diration and interfer-
ene phenomena exist for large partiles, f. Shmiedmayer et al
3
and Chapman et al
4
for
moleules of Na2 (∼ 0.6nm size) and the Zeilinger team for the fullerene moleules C60 (∼
1 nm diameter)
5
, C70
6
and more reently the uorofullerenes C60F48
7
. It is also based on
Bozi et al
8,10
thought experiments whih onsider interferene with dierent size slits.
2
Setion 2 desribes this test experiment whih is an interferene experiment with Rydberg
atoms and asymmetrial slits; one wide slit A let the Rydberg atoms pass, and one grid B
of small slits does not let them pass.
Setion 3 gives the value of the square wave funtion after the slits in the ase of both
assumptions, the lassial assumption and the alternative assumption.
Finally, in setion 4, we present the atomi density whih we should measure on the
detetion sreen in the ase of the alternative hypothesis. One also supposes in this ase
that the Rydberg atoms pass through the slit A but do not pass through the grid B.
II. THE RYDBERG ATOMS ASYMMETRIC EXPERIMENT
An asymmetri Rydberg atoms experiment, inspired by the Fabre et al experiment
1
, is
proposed. A Rydberg atoms' beam with a prinipal quantum number n = 60, whose speed
is vy = 200m/s along the 0y axis, is onsidered. Initial speeds in the other diretions are
onsidered null.
The beam is regarded as Gaussian with 6mm width.
At the distane d1 = 1m from the moleular beam soure, a metal foil is plaed that has
a slit A with a 100µm slit width along the axis 0x and a grating B with 1000 small slits
of 0.1 µm slit width and 0.2µm slit separation along the 0x axis. The distane between
the enters of slit A and grating B is 300µm. Rydberg atoms are then observed by using
a detetor plaed at d2 = 2m behind the slits. The Rydberg atom beam is obtained from
sodium atoms, so the atom mass is m = 3.84 10−26kg. With the veloity vy = 200m/s, the
de Broglie wavelength λdB = 8.6× 10
−5µm is muh smaller than the slits size.
The slit size of the grid B (0.1 µm) is ten times smaller than for the Fabre et al exper-
iment
1
. In this ase, the Rydberg atoms with n=60 do not pass through the grid. On the
other hand, slit A is 100 times larger than the Rydberg atoms' size and thus lets them pass
easily.
For n=60, the 70 ms of the Rydberg atom lifetime are suient for the experiment (15
ms).
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FIG. 1: Shemati diagram of the Rydberg atoms asymmetri experiment.
The ase of the lassial assumption where the wave funtion does not pass through the
grid B orresponds to diration by the slit A.
The ase of the alternative assumption where the wave funtion passes through the grid
B orresponds to an interferene problem between the slit A and the grid B slits.
III. WAVE FUNCTION CALCULATION WITH FEYNMAN PATH INTEGRAL
The wave funtion alulation is obtained by a numerial alulation using Feynman
integrals, as we did
12
for the numerial simulation of Shimizu et al 's experiment with old
atoms.
The wave funtion before the slits is then equal to
ψ(x, t) = (2pis(t)2)−
1
4 exp
− x
2
4σ0s(t)
(1)
with s(t) = σ0(1 +
i~t
2mσ20
). After the slits, at time t ≥ t1 =
d1
vy
= 5 ms, the time-dependent
wave funtion ψ(x, t) = ψA(x, t) + ψB(x, t) is alulated by the Feynman path integral
method
11
:
ψA/B(x, t) =
∫
A/B
K(x, t; xf , t1)ψ(xf , t1)dxf (2)
4
where ψ(xf , t1) is given by (1) and
K(x, t; xf , t1) =
(
m
2ipi~(t− t1)
) 1
2
exp
im
~
(x− xf )
2
2(t− t1)
. (3)
The integrations in (2) are arried out respetively on the slit A and on the grid B slits.
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FIG. 2: Square of the wave funtion |ψ(x)|2 at 2 m from the slits (a) in the ase of interferene
between A and B, and (b) in the ase of diration by A.
Figure 2 represents the square of the wave funtion |ψ(x, t)|2 on the detetor at 2 m
behind the slits for the interferene experiment between the slit A and the grating B (gure
2a), and for the diration experiment with the slit A only (gure 2b). For the diration
ase, we obtain lassially one peak, and for the interferene ase, we obtain distintly four
peaks.
Figure 3 details the |ψ(x, t)|2 evolution aording to the distane to the slits in the ase
of interferene between A and B.
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FIG. 3: Evolution of the square wave funtion |ψ(x, t)|2 in the rst 200 m behind the slits for the
ase of interferene between A and B. Note that ψ(x, t) is equivalent to ψ(x, y) beause t = y/vy+t1
with vy = 200m/s. So alulating the wave funtion at 2m from the slits is equivalent to alulating
the wave funtion 10ms after it passes through the slits (y/vy = 2/200 = 0.01s)
If the partiles size is not onsidered (usual assumption), the wave funtion and the
partiles would "pass through" the slit A and the grid B. The partile density measured
on the detetor will then have to orrespond to the four peaks of gure 2a (interferenes
phenomenon between A and B).
In the ase of the lassial assumption, the wave funtion and the partiles "pass through"
the slit A but "do not pass through" the grid B. The partile density measured on the
detetor will have to orrespond to the single peak of gure 2b (diration phenomenon by
slit A).
We study in the next paragraph the alternative assumption where:
• the wave funtion "passes through" the slit A and the grid B,
• the partiles "pass through" the slit A but "do not pass through" the slits of grid
B.
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IV. ALTERNATIVE ASSUMPTION
In the traditional experiments of double slits arried out with moleules whose size is
smaller than the slits, the wave funtion passes through the two slits to form interferenes,
but eah moleule passes through one or the other of the slits, without knowing through
whih slit it passed. The idea of the alternative assumption is the same. The wave funtion
passes through slit A and grid B and thus will reate the interferenes of gure 2a.
However, the atoms do not pass through the slits of the grid B. One dedues from this
that, just behind the grid B, the probability density of the atoms must be null sine no atom
rossed it. In the ase of the alternative assumption, |ψ(x, t)|2 thus no longer represents the
probability density of the atoms.
We are in a nonusual situation in quantum mehanis. However, as we already showed
in
12
, we verify that, just after the slits at time t+1 , there is not yet overing between the wave
funtion ψA whih passed by A and the wave funtion ψB whih passed by B and we have
|ψA(x, t
+
1 ) + ψB(x, t
+
1 )|
2 = |ψA(x, t
+
1 )|
2 + |ψB(x, t
+
1 )|
2
.
Sine the atoms do not pass by the grid B, one dedues from it that the density ρ((x, t+1 ) of
the atoms whih passed is equal to |ψA(x, t
+
1 )|
2
, the part of the right-hand side of |ψ(x, t+1 )|
2
,
f. gure 3 at time t1 + 0.25 ms (0.05 m).
Sine the sum of the widths of the slits of the grid B is equal to the width of slit A, the
density ρ((x, t+1 ) is thus
ρ(x, t+1 ) =


0 if −∞ < x < xt+1 ,
|ψ(x, t+1 )|
2
if xt+1 < x < +∞
(4)
where xt+1 is the median of the funtion F (x, t) =
∫ x
−∞
|ψ(x,t)|2
R +∞
−∞
|ψ(u,t)|2du
du, i.e. suh as
F (xt+1 , t
+
1 ) =
1
2
. By ontinuity, we an suppose that the atoms, whih passed through
the slit A, satisfy at eah time this property: the density is thus
ρ(x, t) =


0 if −∞ < x < xt,
|ψ(x, t)|2 if xt < x < +∞
(5)
where xt is the median of the funtion F (x, t).
Figure 4 details the density evolution of the atoms having passed throug slit A aording
to the distane to the slits.
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FIG. 4: Evolution on the atoms density in the rst 200 m after slits for the ase of the alternative
assumption.
Consequently, at the time t2 = 15ms, i.e. on the detetor, the partile density will
be equal to the density loated on the right of the median. Figure 5 shows this density
orresponding to the right-hand side of gure 2a.
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FIG. 5: Partile density at 2 m from the slits in the ase of the alternative assumption.
Another way of taking into aount the alternative assumption assumes the existene
of the trajetories. The trajetories may be de Broglie-Bohm trajetories
12,13,14,15,16
or the
8
trajetories approximately determined by transverse momenta of partiles and their distri-
bution
9,10
. In this ase, the partiles whih follow the trajetories and have to pass through
the grid B are stopped. The partiles having to pass through slit A pass; and their traje-
tories orrespond to the evolution of the densities of gure 4. One thus obtains the same
result as gure 5, but with an assumption unneessary.
The lear dierene between the density of gures 2b and 5 shows that the asymetri
Rydberg atoms experiment an be a very good test between the lassial assumption and
the alternative assumption. This test is robust in spite of the variation of the initial data
with the initial speeds vx, vy and vz. We have shown
12
how to take these unertainties into
aount. They will smooth the densities, but will preserve the number of peaks.
V. CONCLUSION
Taking into aount the size of the Rydberg atoms in the interferene phenomena makes
it possible to renew the study of the wave-partile duality and to propose an experiment to
test the wave funtion interpretation.
One tests the traditional interpretation that if the partiles do not pass through a slit,
the wave funtion does not pass either, against the alternative assumption that the wave
funtion passes through the slit but that the interpretation of Born is not valid any more in
this ase.
This experiment appears realizable today, and eah of the two alternatives will ontribute
an interesting ontribution to the interpretation of the wave funtion. Indeed, even in the
ase onsidered as most probable where the experiment onrms the lassial assumption,
this result will have to be to add to the other postulates of quantum mehanis.
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